PdCuBTC synthesis: BTC (42.3 mg, 0.2 mmol) was suspended in the solvent mixture of EtOH/H 2 O (737/630 mg) and sonicated for 1 min. To this suspension, PdCu(AcO) 4 H 2 O (54.4 mg, 0.127 mmol) dissolved in 165.8 uL of DMF was added. The resulting mixture was stirred for 1 day and the product was centrifuged and washed with a copious amount of acetone.
PdCuBTB synthesis: BTB (87.7 mg, 0.2 mmol) was suspended in the mixture of EtOH/H 2 O (737/630 mg) and sonicated for 1 min. To this suspension, PdCu(AcO) 4 H 2 O (54.4 mg, 0.127 mmol) dissolved in 165.8 uL of DMF was added. The resulting mixture was stirred for 3 days and the product was centrifuged and washed with a copious amount of acetone.
The activation of MOFs was achieved by evacuating the samples under reduced pressure first at room temperature for 1 day and then at 50 ˚C for 1 day.
Characterization: Scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) mapping analyses were conducted using Magellan400 (FEI). For the measurements, the samples were placed on carbon tapes and then coated with osmium (Os). FT-IR spectra were measured using Bruker Alpha with 64 scan-times and 4 cm -1 of resolution. PXRD analysis was conducted using a SmartLab (Rigaku) with CuK radiation (λ = 1.5406 Å) at a generator voltage of 40 kV and generator current of 200 mA. Ar isotherms were measured using a 3Flex physisorption analyzer (Micromeritics, USA) at 87 K. To analyze the pore properties from the obtained isotherms, Nonlocal Density Functional Theory (NLDFT) adopting carbon slit pore model was employed. Gas sorption measurements were performed on a carefully calibrated, high accuracy Sieverts apparatus under computer control. XPS analysis was conducted by using multipurpose XPS (Sigma Probe, Thermo VG Scientific, X-ray source: monochromatic Al K(alpha). Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP-AES) analysis was conducted using Agilent ICP-OES 5110. Prior to the ICP-AES analysis, the samples were digested by microwave-assisted boiling in aqua regia. Table S1 . ICP-AES analysis of PdCuBTC and PdCuBTB. Our isotherm data at a series of temperatures (i.e. 67 K, 77 K, and 87 K) enable us to extract the heat of adsorption Q st as a function of the adsorbed amount. Q st is calculated using the "isosteric method" where a series of isotherms are measured at a wide range of temperatures. These isotherms are then parameterized by cubic-spline which does not require any fitting and allows us to interpolate the isotherm at a constant loading. Then, the Q st is obtained from the ln(P) versus 1/T plots. As an alternative to cubic-spline interpolation, we also obtain Q st by fitting the isotherm data using the following form of a virial equation:
where v, p, and T are the amount adsorbed, pressure, and temperature, respectively and a i and b i are empirical parameters. The first four constants (i.e. a0, b0, a1, and b1) are obtained by linearizing the isotherms (1/n versus ln p) and then we increase the number of parameters gradually (two at a time) until the improvement in the fit is not significant. Usually 10 or 12 parameters are found to be enough to obtain a good fit to the isotherms. After the isotherms are fitted, by applying Clausius-Clapeyron equation, the heat of adsorption is obtained as
where R is the universal gas constant. The details can be found in Ref. S3. . All fitting parameters for H 2 , are summarized and plots of the adsorption isotherms with the corresponding dual-site Langmuir-Freundlich fits are shown in Figure S7 . 
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Figure S11. FT-IR of PdCuBTC before and after H 2 storage at 298 K.
